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(57)Abstract: 

PROBLEM TO BE SOLVED: To estimate the active state of 
an oxygen sensor highly accurately. 
SOLUTION: Catalyst temperature TCAT is detected by 
means of a sensor (S 11). On the other hand, a correction 
factor HHOS for correcting the radiation of heat from an 
oxygen sensor to a catalyst is set based on the flow rate Q 
of intake air corresponding to the flow rate of exhaust gas 
(S12). The catalyst temperature TCAT is corrected by the 
correction factor HHOS to operate the element temperature 
T021 of the oxygen sensor (T021=TCATxHHOS) (S13). 
Furthermore, the element temperature T021 is corrected 
based on the temperature of intake air corresponding to the 
outer air temperature thus obtaining the final element 
temperature T02 0"O2=TO21-(25-suction air temperature)} 
(S14). When the element temperature T02 is higher than the 
active temperature (S 1 5), a decision is made that the oxygen 
sensor is active (S 1 6). 
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[Claim(s)] 

[Claim 1] Whenever [ catalyst temperature / which is activity judging equipment which judges the active 
state of the oxygen sensor infixed in an engine's flueway, and detects the temperature of the catalyst 
infixed in the flueway of the upstream of said oxygen sensor, or the downstream ] A detection means, An 
exhaust air flow rate detection means to detect an engine's exhaust air flow rate, and a chip temperature 
presumption means to presume the chip temperature of said oxygen sensor based on the detection value of 
whenever [ said catalyst temperature ], and an exhaust air flow rate at least, Activity judging equipment of 
the oxygen sensor characterized by being constituted including an activity distinction means to distinguish 
the active state of said oxygen sensor based on the chip temperature presumed with this chip temperature 
presumption means. 

[Claim 2] Activity judging equipment of the oxygen sensor according to claim 1 with which it has an 
OAT detection means to detect an OAT, and said chip temperature presumption means is characterized by 
presuming the chip temperature of said oxygen sensor based on said detected OAT with the detection 
value of whenever [ said catalyst temperature ], and an exhaust air flow rate. 

[Claim 3] Activity judging equipment of the oxygen sensor according to claim 1 or 2 characterized by 
equipping said oxygen sensor with a heater, constituting it, and for said chip temperature presumption 
means adding a part for self-generation of heat at said heater, and presuming the chip temperature of said 
oxygen sensor. 

[Claim 4] Activity judging equipment of the oxygen sensor according to claim 3 with which said chip 
temperature presumption means is characterized by setting up a part for self-generation of heat at said 
heater according to an engine's exhaust air flow rate. 

[Claim 5] Activity judging equipment of the oxygen sensor according to claim 4 characterized by for said 
chip temperature presumption means adding the weighted average efficiency for self-generation of heat 
set up according to an engine's exhaust air flow rate, and presuming the chip temperature of said oxygen 
sensor. 

[Claim 6] Activity judging equipment of the oxygen sensor of any one publication of claim 1-5 with 
which said exhaust air flow rate detection means is characterized by detecting an engine's intake air flow 
as an exhaust air flow rate equivalent value. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment which distinguishes the active state of an 
oxygen sensor in detail about the activity judging equipment of an oxygen sensor based on whether the 
chip temperature of an oxygen sensor has reached activity temperature. 
[0002] 

[Description of the Prior Art] As an internal combustion engine's air- fuel ratio control system, Rich Lean 
of an actual air- fuel ratio to a target air- fuel ratio (theoretical air fuel ratio) is distinguished based on the 
oxygen density under exhaust air detected with an oxygen sensor, and what carries out feedback control 
of the fuel amount of supply to an engine so that an actual air-fuel ratio may be brought close to 
theoretical air fuel ratio (target air-fuel ratio) based on this distinction result is known (reference, such as 
JP,60-240840,A). 

[0003] By the way, in the feedback control of air-fuel ratio using the above-mentioned oxygen sensor, if 
the response characteristic over oxygen density change of an oxygen sensor changes with degradation 
with the passage of time etc., since the Air Fuel Ratio Control nature will get worse, the equipment which 
diagnoses response degradation of an oxygen sensor based on the sensor output under air- fuel ratio 
feedback from the former is proposed variously (reference, such as JP,62-78444,A). 
[0004] Here, in a diagnosis of said response degradation, it becomes the prerequisite of a diagnosis that 
the oxygen sensor is being activated. That is, in the non-active state of an oxygen sensor, since an 
expected sensor output is not obtained to an oxygen density, although there is no response degradation, 
since output characteristics in which the response of a sensor has deteriorated seemingly will be shown 
and response degradation will be incorrect-diagnosed, it is necessary to make to be the active state of a 
sensor into diagnostic conditions. 

[0005] Since it activated because the chip temperature reaches predetermined activity temperature, the 
oxygen sensor had distinguished the active state of an oxygen sensor in the former based on whether it 
corresponds to the operating range (for example, engine rotational speed, an engine load, the vehicle 
speed) presumed that an exhaust-gas temperature becomes beyond predetermined temperature. 
[0006] 

[Problem(s) to be Solved by the Invention] However, even if the service condition corresponded to the 
active region, there is a field which that it is in the condition of an activity process cannot distinguish, and 
response degradation might be incorrect-diagnosed based on the oxygen sensor output of an activity 
process. That is, if it is the oxygen sensor which response degradation has produced, as shown in drawing 
10, the response characteristic which always deteriorated in said active region is shown, but even if a 
response is in the same active region in a normal oxygen sensor, there is **** which may be an activity 
process (condition which is not being activated completely) and incorrect-diagnoses an oxygen sensor 
with a normal response as response degradation in this case based on the output characteristics at the time 
of non-activity. 

[0007] It aims at this invention being made in view of the above-mentioned trouble, and offering the 
equipment which can distinguish the active state of an oxygen sensor with high precision, with raising the 
accuracy of response degradation. 
[0008] 

[Means for Solving the Problem] Therefore, the activity judging equipment of the oxygen sensor 
concerning invention of claim 1 is activity judging equipment which judges the active state of the oxygen 
sensor infixed in an engine's flueway, and as shown in drawing 1 , it is constituted. In drawin g 1 , a 
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detection means detects the t^H^rature of the catalyst infixed in the fluewa^^^the upstream of said 
oxygen sensor, or the downstream whenever [ catalyst temperature ]. Moreover, an exhaust air flow rate 
detection means detects an engine's exhaust air flow rate. 

[0009] And a chip temperature presumption means presumes the chip temperature of said oxygen sensor 
based on the detection value of whenever [ said catalyst temperature ], and an exhaust air flow rate at 
least, and an activity distinction means distinguishes the active state of said oxygen sensor based on the 
chip temperature presumed with the chip temperature presumption means. In this configuration, as 
whenever [ chip temperature / of an oxygen sensor /, exhaust-gas-temperature, and catalyst temperature ] 
is shown in drawing 1 1 , there is a cross-correlation, and since it depends for a chip temperature on an 
exhaust-gas temperature similarly depending on an exhaust-gas temperature, whenever [ catalyst 
temperature ] can presume a chip temperature based on whenever [ catalyst temperature ]. However, since 
the correlation changed with the differences in the heat release by the exhaust air flow rate at that time, an 
exhaust air flow rate is made to participate in presumption of a chip temperature based on whenever 
[ catalyst temperature ], and it enabled it to presume a chip temperature with high precision from 
whenever [ catalyst temperature ]. 

[0010] In invention according to claim 2, it had an OAT detection means to detect an OAT, and said chip 
temperature presumption means considered as the configuration which presumes the chip temperature of 
said oxygen sensor based on said detected OAT with the detection value of whenever [ said catalyst 
temperature ], and an exhaust air flow rate. According to this configuration, corresponding to the 
difference in the heat release by change of an OAT, a chip temperature can be made to presume from 
whenever [ catalyst temperature ], and presumed precision can be maintained to change of an OAT. 
[001 1] Said oxygen sensor was equipped with the heater, and consisted of invention according to claim 3, 
said chip temperature presumption means added a part for self-generation of heat at said heater, and it 
considered as the configuration which presumes the chip temperature of said oxygen sensor. While the 
component of an oxygen sensor is heated by exhaust air, when it is heated at the attached heater according 
to this configuration, the amendment for self-generation of heat at a heater is made, and even if it is the 
case where it is heated at a heater, the presumed precision of a chip temperature can be maintained. 
[0012] In invention according to claim 4, said chip temperature presumption means considered as the 
configuration which sets up a part for self-generation of heat at said heater according to an engine's 
exhaust air flow rate. According to this configuration, when there are few exhaust air flow rates and there 
is little heat dissipation by exhaust air, it becomes the chip temperature which exceeds whenever [ at a 
heater / maximum stoving temperature ] by heat-receiving from exhaust air, but if there are many exhaust 
air flow rates and heat release increases, since it will become the chip temperature which is less than 
whenever [ at a heater / maximum stoving temperature ], the chip temperature in a configuration of having 
a heater can be presumed with high precision. 

[0013] In invention according to claim 5, said chip temperature presumption means added the weighted 
average efficiency for self-generation of heat set up according to an engine's exhaust air flow rate, and 
considered as the configuration which presumes the chip temperature of said oxygen sensor. According to 
this configuration, heat release changed with change of an exhaust air flow rate, the chip temperature 
changed with change of this heat release, but since there was response delay in change of the chip 
temperature to change of heat release, presumed temperature showed the change corresponding to said 
response delay by the weighted average operation. 

[0014] In invention according to claim 6, said exhaust air flow rate detection means considered as the 
configuration which detects an engine's intake air flow as an exhaust air flow rate equivalent value. Since 
it considered that inhalation air was discharged as combustion exhaust air through a cylinder, and 
inhalation air was discharged as exhaust air as it is in an engine according to this configuration, the intake 
air flow was detected as an exhaust air flow rate equivalent value instead of detecting an exhaust air flow 
rate directly, and the air flow meter used with an electronics control fuel injection equipment is diverted, 
and it enabled it to detect an exhaust air flow rate. 
[0015] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained below. In drawing 2 
which shows a system configuration, air is inhaled by the internal combustion engine 1 through an air 
intake duct 3, a throttle valve 4, and an inlet manifold 5 from an air cleaner 2. The fuel injection valve 6 is 
formed according to each gas column at each branch section of said inlet manifold 5. 
[0016] A fuel injection valve 6 is an electromagnetic fuel injection valve which energizes to a solenoid, 
opens, and an energization halt is carried out and is closed, and carries out injection supply of the fuel 
which was fed from the fuel pump which energizes by the injection pulse signal from the control unit 12 
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mentioned later, opens, and illustrated, and was adjusted to the predet^^mied pressure by the 

pressure regulator intermittently to an engine 1 . 

[0017] The ignition plug 7 is formed in each combustion chamber of an engine 1, jump spark ignition is 
carried out by this, and ignition combustion of the gaseous mixture is carried out. And from an engine 1, 
exhaust air is discharged through an exhaust manifold 8, a jet pipe 9, a three way component catalyst 10, 
and a muffler 1 1. A control unit 12 is equipped with the microcomputer constituted including CPU, ROM, 
RAM, an A/D converter, an input/output interface, etc., receives the input signal from various kinds of 
sensors, and like the after-mentioned, data processing of it is carried out and it controls actuation of a fuel 
injection valve 6. 

[0018] As said various kinds of sensors, the air flow meter 13 is formed into the air intake duct 3, and the 
signal according to an engine's 1 intake air flow Q is outputted. In addition, in an engine 1, since an intake 
air flow Q is equivalent to an exhaust air flow rate, said air flow meter 13 serves as an exhaust air flow 
rate detection means. Moreover, the crank angle sensor 14 is formed and the criteria include-angle signal 
REF for every criteria piston location, and 1 degree of crank angles and the unit include-angle signal POS 
in every 2 degrees is outputted. The engine rotational speed Ne is computable by measuring the period of 
the criteria include-angle signal REF, or the occurrences of the unit include-angle signal POS within 
predetermined time here. 

[0019] Moreover, the coolant temperature sensor 15 which detects the circulating water temperature Tw 
of an engine's 1 engine water jacket is formed. Moreover, the oxygen sensor 16 which detects the oxygen 
density under exhaust air is formed in the set section of an exhaust manifold 8. Said oxygen sensor 16 is 
an oxygen concentration cell which generates the electromotive force according to the ratio of the oxygen 
density under exhaust air to the oxygen density in atmospheric air, and is a well-known rich RIN sensor 
by which it uses that the oxygen density under exhaust air changes suddenly bordering on theoretical air 
fuel ratio, and only theoretical air fuel ratio can detect (Rich Lean to theoretical air fuel ratio). Hereafter, 
Rich Lean shall show the rich air-fuel ratio and the Lean air-fuel ratio to theoretical air fuel ratio. 
[0020] Furthermore, the potentiometer-type throttle sensor 17 which detects the opening TVO is formed 
in said throttle valve 4. Moreover, the inhalation-of-air temperature sensor 18 (OAT detection means) 
which detects an intake-air temperature prepares, and is kicked by said air cleaner 2, and the sensor 19 
(whenever [ catalyst temperature ] detection means) is formed in said three way component catalyst 10 
whenever [ catalyst temperature / which detects whenever / catalyst temperature ]. 
[0021] In here, the microcomputer CPU built in the control unit 12 While calculating the basic fuel oil 
consumption Tp equivalent to a target air-fuel ratio (theoretical air fuel ratio) based on an intake air flow 
Q and the engine rotational speed Ne The various correction factors COEF containing the increase-in- 
quantity correction factor based on said circulating water temperature Tw, the correction factor for the 
time of transient operation, etc. are set up. furthermore, the actual engine inhalation detected based on the 
output of said oxygen sensor 16 ~ the air-fuel ratio feedback correction factor alpha for carrying out 
feedback control of the air-fiiel ratio of gaseous mixture to a target air-fuel ratio (theoretical air fuel ratio) 
is calculated. 

[0022] Subsequently, the multiplication of said various correction factors COEF and the air-fuel ratio 
feedback correction factor alpha is carried out to said basic fuel oil consumption Tp, the effective 
injection quantity Te (<- TpxCOEFxalpha) is calculated to it, a part for the electrical-potential-difference 
amendment Ts for amending the actuation delay of a fuel injection valve 6 to this effective injection 
quantity Te is further added to it, and this addition result is set as it as final fuel oil consumption Ti (<- 
Te+Ts). 

[0023] And a control unit 12 is outputting the injection pulse signal of the pulse width equivalent to said 
calculated fuel oil consumption Ti to the predetermined timing which synchronized with engine rotation 
to the fuel injection valve 6, and carries out electronics control of the fuel supply to an engine. Said air- 
fuel ratio feedback correction factor alpha distinguishes Rich Lean of an actual air-fuel ratio by the 
comparison with the theoretical-air-fuel-ratio equivalent value of the output of an oxygen sensor 16, and 
this output, and is set up by proportionality and integral control based on this distinction result. The 
increase (reduction) correction of the air-ftiel ratio feedback correction factor alpha is gradually made for 
every predetermined period by part for a predetermined integral until it makes increase (reduction) 
correction by predetermined proportionality in the direction which brings the air-fuel ratio feedback 
correction factor alpha close to theoretical air fuel ratio at the time of rich -> Lean (Lean -> rich) reversal 
of an air- fuel ratio and an air-fuel ratio is specifically reversed to Rich (Lean) after that, as shown in 
.drawing. 3 . 

[0024] By the way, when degradation arises in the oxygen sensor 1 6 used for said feedback control of air- 
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fuel ratio and the output chan^^istics (response characteristic) change to h^r^ Air Fuel Ratio Control 
point shifts from theoretical air fuel ratio, the transformation efficiency in a three way component catalyst 
10 gets worse, and the discharge of an exhaust air injurious ingredient is made to increase. Then, as it is 
shown in the flow chart of drawin g 4 , a response degradation diagnosis of an oxygen sensor 16 is 
performed. 

[0025] It sets to the flow chart of drawing 4 , and is step 1 (all over drawing, it is described as SI.) first. It 
distinguishes whether the diagnostic conditions of response degradation in it being the same as that of the 
following are satisfied. Specifically, it makes that said thing [ that it is / air-fuel ratio / under feedback ], 
that a circulating water temperature is beyond predetermined temperature, engine rotational speed, an 
engine load, and the vehicle speed are predetermined within the limits, respectively, and to activate the 
oxygen sensor 16 (to reach activity temperature) into the conditions of a response diagnosis. 
[0026] Here, the judgment of said oxygen sensor 16 being activated is explained to a detail later. If 
diagnostic conditions are satisfied at step 1 and it will be distinguished, it will progress to step 2 and the 
parameter for performing a response diagnosis will be calculated. For example, the sum of the average of 
the time amount a and b taken to cross the predetermined range where the output of an oxygen sensor 1 6 
includes a target air-fuel ratio equivalent value is made to calculate as a parameter for said response 
diagnosis, as shown in drawin g 3 . 

[0027] At the following step 3, it distinguishes whether response degradation has occurred by comparing 
with a decision value the parameter calculated at said step 2. In making it calculate as a parameter for a 
response diagnosis of the average of the time amount taken to cross the predetermined range where the 
output of an oxygen sensor 16 includes a target air-fuel ratio equivalent value While response degradation 
of an oxygen sensor 16 is judged based on this time amount being longer than a decision value, and 
progressing to step 4 and judging generating of the abnormalities in a response in this case, when said 
time amount is below a decision value, it progresses to step 5 and judges with a response being normal. 
[0028] Next, the activation judging of said oxygen sensor 16 is explained according to the flow chart of 
drawing J5 R> 5. In addition, as shown in the flow chart of said drawing 5 , the control unit 12 is equipped 
with the function as a chip temperature presumption means and an activity distinction means by software. 
In the flow chart of drawing 5 , TCAT is read at step 1 1 whenever [ catalyst temperature / which was 
detected by the sensor 19 whenever / catalyst temperature ]. 

[0029] At step 12, the heat dissipation correction factor HHOS for presuming the chip temperature of an 
oxygen sensor 16 from TCAT whenever [ said catalyst temperature ] is set up based on the intake air flow 
Q at that time in consideration of the temperature fall by heat dissipation of a before [ from an oxygen 
sensor 16 / a three way component catalyst 10 ]. Said intake air flow Q is a value equivalent to an exhaust 
air flow rate. When there are many exhaust air flow rates As opposed to the temperature gradient of a 
three way component catalyst 10 and an oxygen sensor 16 becoming small when there are few exhaust air 
flow rates Since the inclination for the heat release which can be set by the time it results [ from an 
oxygen sensor 16 ] in a three way component catalyst 10 to become large, and for said temperature 
gradient to become large is shown, the temperature of an oxygen sensor 16 is higher and it is made to be 
presumed [ times / few ] to TCAT whenever [ catalyst temperature ] in the intake air flow Q. 
[0030] At step 13, the multiplication of said heat dissipation correction factor HHOS is carried out to 
TCAT whenever [ said catalyst temperature ], and this is made into the presumed temperature T021 
(T021=TCATxHHOS) of an oxygen sensor 16. At step 14, it amends to said presumed temperature T021 
for corresponding to change of oxygen sensor 16 temperature by change of an OAT, and the presumed 
temperature T02 is acquired. 

[0031] The intake-air temperature detected with the inhalation-of-air temperature sensor 18 is specifically 
regarded as an equivalent for an OAT, and the presumed temperature T02 is acquired as T02=T02 1 - (25 
degree-C-intake-air temperature). Here, said 25 degrees C are the criteria outside air temperature when 
setting up said heat dissipation correction factor HHOS. At step 15, when the activity temperature and 
said presumed temperature T02 of the oxygen sensor 16 set up beforehand are measured and said 
presumed temperature T02 has exceeded predetermined activity temperature, it progresses to step 16 and 
activation of an oxygen sensor 16 is judged. 

[0032] By the way, when the oxygen sensor 16 is equipped with the heater for heating a sensor 
component, the presumed precision of a chip temperature can be maintained by amending a part for self- 
generation of heat, as shown in the flow chart of drawing 6 to the temperature T02 presumed as 
mentioned above. In the flow chart of d rawin g 6 , first, at step 21 , it asks according to the flow chart of 
said drawing 5 R> 5, and a presumed chip temperature when the **** presumption temperature T02, i.e., 
a heater, is nothing is read. 
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tm 
e gradient of the maximum chip temperatur^SACHIRETO 
temperature) in case a sensor component is heated, and the exhaust-gas temperature (chip temperature in 
the case of having no heater) of the sensor component section is searched for only by heater energization 
with reference to the map which memorized said temperature gradient according to the intake air flow Q 
beforehand. Here, corresponding to said temperature gradient reducing [ an intake air flow Q ] many 
times, as for said temperature gradient, the intake air flow Q is set up as a value with more smaller times. 
[0034] At step 23, the multiplication of the constant A is carried out to the temperature gradient searched 
for at said step 22, and difference T02H1 of the chip temperature which is actually exhausting and is 
heated at a heater, and an exhaust-gas temperature is calculated (refer to drawing 7 ). At step 24, in order 
to consider said change of T02H1 by change of an intake air flow Q as change of an actual chip 
temperature, weighted average processing of said T02H1 is carried out. That is, since delay arises in 
change of an actual chip temperature to change of an intake air flow Q, it enables it to correspond to said 
response delay by said weighted average processing (refer to drawing 8 ). 

[0035] Said weighted average processing of T02H1 is performed according to a bottom type based on 
load weight KHHOS (refer to drawing 9 ) set up according to an intake air flow Q. 
T02H2=T02H - a 2old x(l-KHHOS)+T02HlxKHHOS top type T02H2old It is the last value of 
weighted-average-efficiency T02H2. Moreover, it is made to be set [ time / larger ] up by 1 by load 
weight KHHOS in the intake air flow Q at the near big value corresponding to said delay becoming [ an 
intake air flow Q ] small in many times (refer to drawing 9 ). 

[0036] At step 25, it asks according to the flow chart of said drawin g 5 , said weighted-average-efficiency 
T02H2 are added to the presumed temperature T02 at the time of **** heater nothing, and this addition 
result is set to estimate T02H of the chip temperature heated at a heater. And at step 26, when said 
presumed temperature T02H and predetermined activity temperature are measured and said presumed 
temperature T02H exceed predetermined activity temperature, it progresses to step 27 and activation of 
an oxygen sensor 16 is judged. 
[0037] 

[Effect of the Invention] As explained above, it is effective in the ability to presume a sensor chip 
temperature with a sufficient precision from whenever [ catalyst temperature ] in consideration of the heat 
release between a catalyst and an oxygen sensor, with distinguish the active state of an oxygen sensor 
with a sufficient precision according to invention according to claim 1 . According to invention according 
to claim 2, corresponding to the difference in the heat release by change of an OAT, there is effectiveness 
of the ability to make a chip temperature presume with a sufficient precision. 

[0038] According to invention according to claim 3, when the component of an oxygen sensor is heated at 
a heater, there is effectiveness of the ability of a chip temperature to consider a part for self-generation of 
heat at this heater, and make it presume. According to invention according to claim 4, it is made to 
correlate with an exhaust air flow rate, and is effective in the ability to set up a part for self-generation of 
heat at a heater with a sufficient precision. 

[0039] According to invention according to claim 5, there is effectiveness of the ability to make a chip 
temperature presume corresponding to the response delay of the chip temperature change to change of an 
exhaust air flow rate. It is not necessary to form separately the sensor which detects an exhaust air flow 
rate by making an intake air flow detect as an exhaust air flow rate equivalent value, and, according to 
invention according to claim 6, is effective in the ability to simplify a system configuration. 
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